Digestion and co-digestion of faecal matter collected from urine diverting dehydrating toilet faeces (UDDT-F) and mixed organic market waste (OMW) was studied in single stage pilot scale mesophilic plug-flow anaerobic reactors at UDDT-F:OMW ratios 4:1 and 1:0. Escherichia coli inactivation and volatile fatty acids (VFA) build-up was monitored at sampling points located along the reactor profile.
INTRODUCTION
Ecological sanitation concepts have been developed due to the growing need for improved onsite sanitation systems aimed at the protection of human and environmental health (Esrey ; Niwagaba et al. ) . Urine Diverting Dehydrating Toilets (UDDTs) fit well into this concept, especially in densely populated, low lying settlements (Niwagaba et al. ; Schouten & Mathenge ; Katukiza et al. ) . The technology has been adopted by Sanergy (Nairobi, Kenya), a company working on sanitation in informal slum settlements. Currently, from Mukuru Kwa Njenga and Mukuru Kwa Reuben, informal slum settlements, approximately 700 kg UDDT-faeces (UDDT-F) are delivered per day to the central treatment plant, located 50 km from the city center. A key concern is stabilisation and sanitisation of the waste as the addition of ash and sawdust after toilet use is insufficient for pathogen inactivation (Niwagaba et al. ) . is the high VFA concentration in the acidogenic reactor, which requires pH correction for stable methanogenesis (Zuo et al. ) . Yet, the low pH and high VFA concentrations create very good pathogen inactivating conditions.
Hence, an optimum must be found between good hygienisation and well-functioning methanogenic stabilisation. In practice, the latter can be achieved by recycling part of the digestate upfront to be mixed with the acidified UDDT-F-OMW.
In our recent study, we evaluated the effect of UDDT-F and OMW mix ratios on VFA build-up and Escherichia coli This study evaluates the potential for pathogen inactivation in anaerobic digestion, co-digesting UDDT-F and OMW, using pilot scale plug-flow reactors. In particular, the study results will give a comparison of E. coli inactivation from single and two-stage plug-flow reactors. From a batch consisting of about 60 containers, ten containers were randomly selected after which mixing of the contents was done in order to obtain a homogeneous mix.
MATERIALS AND METHODS
Fifteen kg UDDT-F was then drawn and further mixing was carried out in order to homogenise the sample.
Mixed organic market waste samples (OMW)
Mixed OMW was obtained from Mukuru Kwa Njenga and Mukuru Kwa Reuben informal slum settlements. About 20 kg of the waste was collected daily and contained food, vegetable and fruit waste, in about equal proportions. Size reduction of OMW substrates for pilot scale tests was achieved by manual chopping to about 1 cm size. Table 1 shows the characteristics of the materials used in the study.
Experimental method

Pilot scale AD experiments
Two sets of reactors were used, namely a single stage reactor (R s ) and a two-stage reactor (R am ) comprising a hydrolysis/ acidogenic reactor (R a ) and a methanogenic reactor (R m ).
Experiments were conducted at a UDDT-F:OMW ratio 4:1, at 10 and 12% total solids (TS) concentrations. Substrate concentration selection was based on a series of laboratory scale batch-tests derived experimental data on the effect of substrate concentration on pathogen inactivation (Riungu et al. ) . Research was aimed at treating the highest possible TS concentration that can freely flow through the plugflow reactor without the necessity of using pumps.
Hydrolysis reactor design
The single stage reactors R a 's were fabricated from 30 L plastic containers, with a working volume of 20 L. These reactors were equipped with a cover, incorporated with two separate ports, i.e. a feeding port and a port fixed with a manual stirring mechanism, whereas the bottom of each reactor was equipped with a discharge/effluent valve.
Plug flow reactor design 
where A T ¼ total VFA species concentration (mg/L), HA represents the acidic, protonated species and A À is the ionised form of each acid.
Similarly, total organic carbon (TOC) and chemical oxygen demand (COD) measurements were carried out using protocols adopted from Hach spectrophotometer, DR . The first order reaction coefficients for E. coli inactivation were calculated using the Chick-Watson model that expresses the rate of inactivation of micro-organisms by a first order chemical reaction (Gerba ):
where C t ¼ number of micro-organisms at time t, C 0 ¼ number of micro-organisms at time 0, k ¼ decay rate, and t ¼ time.
Using the results, E. coli inactivation (-ln(ct/co)) was plotted against time.
RESULTS AND DISCUSSION
Evaluation of the performance of single stage reactor Volatile fatty acids and pH changes Table 2 shows the trend in TVFA, ND-VFA and pH in the single stage and two-stage co-digestion reactor systems.
R mÀ4:1, 12% and R mÀ4:1, 10% showed similar trends in TVFA, ND-VFA and pH during the entire experimental period. The influent to the methanogenic reactors showed high TVFA concentrations, attributed to biomass prehydrolysis/acidification in the acidogenic reactors (Table 2) . However, the ND-VFA concentration in two- E. coli inactivation along reactor profile in R amÀ10 and R amÀ12 R amÀ4:1,12% depicted 8.0 log E. coli inactivation, slightly higher than the corresponding value of 7.3 log attained in the R amÀ4:1, 10% system (Figure 4 (a) and 4(b)).
The observed improved inactivation can likely be attributed to the initial hydrolytic/acidogenic phase of the R a reactor that depicted an average of 3.4 and 3.0 E. coli log inactivation in R amÀ4:1, 12% and R amÀ4:1, 10%, respectively, corresponding to decay rates of 1.6 and 1.7/day respectively (using Equation (4)). E. coli log inactivation in R amÀ4:1, 12%
and R amÀ4:1, 10% systems depicted a similar trend along the reactor length. Co-digestion UDDT-F:OMW ratio 4:1 R mÀ4:1, 12% TVFA (mg/L) 15,685 ± 1,772 10,526 ± 844 1,575 ± 607 ND-VFA (mg/L) 800 ± 112 286 ± 68 1.7 ± 0.2 ND-VFA (%) 5.1 ± 0.6 2.7 ± 0.6 0.1 pH 6.4 ± 0.1 6.4 ± 0.1 7.8 ± 0.1 R mÀ4:1, 10%
TVFA (mg/L) 12,347 ± 887 8,702 ± 72 1,744 ± 101 ND-VFA (mg/L) 660 ± 311 281 ± 49 1.6 ± 0.3 ND-VFA (%) 3.5 ± 2 3.2 ± 0.6 0.1 pH 6.3 ± 0.1 6.2 ± 0.1 7.8 ± 0.1
TVFA ( to decay rates of 1.1 and 0.9/day respectively. Overall, in the entire R amÀ4:1, 12% and R amÀ4:1, 10% system, an 8.0 and 7.2 E. coli log inactivation was achieved at SP 3 (effluent), corresponding to a decay rate of 0.6 in both cases. Moreover, ND-VFA calculated concentration in R amÀ4:1, 12% and R amÀ4:1, 10% systems showed a declining trend along the reactor length (see Figure 4) . Apparently, the decay rate 'k' is highest under high ND-VFA conditions and levels off when ND-VFA drops and/or pH increases. Under to play a role in pathogen inactivation (Smith et al. ) .
The E. coli decay rates obtained in this study are comparable to related studies as shown in Table 3 .
The observed high Kd values observed in our present study may be attributed to two factors: (1) 
